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Ultrasound-guided infraclavicular brachial plexus
block enhances postoperative blood flow in
arteriovenous fistulas
Levent Sahin, MD,a Rauf Gul, MD,a Ayse Mizrak, MD,a Hayati Deniz, MD,b Mehrican Sahin, MD,c
Senem Koruk, MD,a Mehmet Cesur, MD,a and Sıtkı Goksu, MD,a Gaziantep, Turkey
Objective: Brachial plexus block offers several advantages when creating vascular access for hemodialysis. However, no
controlled studies have directly evaluated arteriovenous fistula (AVF) blood flow in patients anesthetized by this method.
We compared the effects of ultrasound-guided, infraclavicular brachial plexus block and local infiltration anesthesia on
blood flow in the radial artery and AVF during the early and late postoperative periods.
Methods: Sixty patients were randomly assigned to an experimental group, which received infraclavicular brachial plexus
block (IB), or to a control (C) group that received local infiltration anesthesia. Blood flow in the distal radial artery was
measured before and after IB or infiltration anesthesia. AVF flow during the early and late postoperative period was
evaluated using duplex ultrasound imaging. The rates of primary fistula failure were also compared.
Results: After anesthesia, preoperative radial arterial flow was 56  8.6 mL/min in group IB vs 40.7  6.11 mL/min in
group C (P< .0001). Blood flow in the fistula, measured in mL/min at 3 hours, 7 days, and 8 weeks postoperatively, was
also greater in group 1B vs group C, respectively, at 69.6  7.9 vs 44.8  13.8 (P < .001), 210.6  30.9 vs 129  36.1
(P < .001), and 680.6  96.7 vs 405.3  76.2 (P < 0.001).
Conclusion: When used for AVF access surgery, infraclavicular brachial plexus block provides higher blood flow in the
radial artery and AVF than is achieved with infiltration anesthesia. ( J Vasc Surg 2011;54:749-53.)
a
l
M
i
i
i
h
h
c
f
u
s
d
m
a
e
m
a
t
o
(
U
o
a
i
n
cAlthough creation of a radiocephalic (Brescia-Cimino)
arteriovenous fistula (AVF) is the first choice for gaining
access for hemodialysis, the procedure has a high rate of
early failure, due most likely to spasm of the radial artery in
response to increased sympathetic activity.1,2 The use of
brachial plexus block for anesthesia in this procedure ap-
pears to improve blood flow through the fistula by causing
vasodilation in large arteries by regional sympathetic block-
ade while minimally altering blood pressure and heart
rate.3,4 When applied under ultrasound (US) guidance,
infraclavicular brachial plexus block has both a low risk of
complications and a high rate of success.5
Although intraoperative US has been used to compare
blood flow among various vascular access procedures,6 no
controlled studies have directly evaluated AVF flow in
patients who have undergone infraclavicular brachial plexus
block. The current prospective, randomized, observer-
blinded, and controlled study was designed to compare
US-guided infraclavicular brachial plexus block and local-
infiltration anesthesia by measuring their effect on radial
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ETHODS
This study was approved by the ethics committee of our
nstitution, and each patient who participated provided
nformed, written consent. The study included 60 patients
n end-stage renal failure who were aged 18 to 60 years and
ad been scheduled for primary AVF access surgery before
emodialysis. Their physical status, as rated by the Ameri-
an Society of Anesthesiologists (ASA) criteria, ranged
rom II to III. Vein mapping was performed before surgery
sing duplex Doppler US imaging. Coexisting diseases,
uch as diabetes mellitus, hypertension, and coronary artery
isease were recorded, as were smoking status and body
ass index, which was calculated from the patient’s height
nd weight using standard formulas.
The study excluded patients whose radial artery diam-
ter was3 mm or whose cephalic vein diameter was2.5
m or 4 mm. Also excluded were patients with previous
ntecubital fistulas, cephalic vein occlusion, ipsilateral cen-
ral vein stenosis, ipsilateral brachial or radial artery stenosis
r calcification, coagulopathy, allergy to local anesthetic
LA), or infection at the operative site.
Each patient included was randomly assigned to receive
S-guided infraclavicular brachial plexus block (group IB)
r, as a control, local infiltration anesthesia (group C). On
rrival at the preanesthesia holding area, standard monitor-
ng was applied (electrocardiogram, pulse oximetry, and
oninvasive blood pressure monitoring). An intravenous
atheter was placed in the contralateral forearm, and infu-
ion of 5% dextrose in water was started. Patients who
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zolam.
While patients were in the preanesthesia holding area,
and immediately before fistula surgery in the operating
room, blood flow in the distal radial artery was evaluated by
Doppler US imaging using a sterile 10-MHz linear probe
(GE Ultraschall, Vivid I, Solingen, Germany). Before ex-
amination with duplex US imaging, the direction and exact
position of the radial artery was determined by palpation of
the wrist. To maximize the intensity of the signal, the angle
of the Doppler US wave emitted from the probe was
adjusted to 60°.
The initial diameter of the vessel was measured by
positioning the duplex Doppler for a longitudinal view.
The volume of flow (mL/min) was obtained from the time
average velocity. For each parameter, the average of three
measurements was recorded. All US measurements were
done in the preanesthesia holding area, at a room temper-
ature of between 23° and 25° C, or in the operating room
with the patient covered by a heating blanket to maintain
body and extremity temperature.
In group IB, all blocks were performed 45 minutes
before surgery to maximize the time available for the pro-
cedure in the operating room. US-guided lateral sagittal
infraclavicular block was performed in each patient by the
same experienced anesthetist after the first measurement of
distal radial artery blood flow.
Infraclavicular block technique. Infraclavicular
block was achieved as described by Klaastad et al.7 After
antiseptic preparation of the deltopectoral area, the multi-
frequency linear US probe (Esaote MyLab 30 US machine,
Florence, Italy) was placed immediately below the clavicle.
The subcutaneous tissue was then infiltrated with 2 mL of
2% lidocaine. A 22-gauge, 80-mm, insulated Quinke-type
needle (UniPlex Nanolinet Pajunk, Geisingen, Germany)
was used for all blocks. An LAmixture containing 10mL of
0.5% levobupivacaine (Chirocaine 50 mg/10 mL; Abbott,
Elverum, Norway) and 10 mL of 2% lidocaine (Jetmonal
2% ampul; Adeka, Samsun, Turkey) was used. Sensory and
motor function, as well as temperature change, were eval-
uated by the same research assistant at 5-minute intervals
until the block was completed, after which patients were
transferred to the operating room.
All patients were placed supine on the operating room
table. Standard ASA monitors were applied, and supple-
mental oxygen was supplied through a nasal cannula. The
wrist region was prepared with an antiseptic solution and
then covered with a sterile drape. In group C, a 10-mL
volume of 2% lidocaine was injected subcutaneously at the
incision area by the same surgeon.
Surgical procedure. All AVF procedures were per-
formed on the forearm between the radial artery and ce-
phalic vein, using a 3.5 loupe magnification. The radial
artery and cephalic vein were exposed through a longitudi-
nal incision 2 to 3 cm proximal to the radial styloid process.
The surgeon used heparinized saline to distend the vein and
decrease vascular resistance in the fistula. After the vein was
sufficiently mobilized, an end-to-side, vein-to-artery anas- somosis was created using a running, 7-0 polypropylene
uture (Surgipro II Monofilament Polypropylene, Syn-
ture, Norwalk, Conn).
AVF patency was confirmed perioperatively by palpa-
ion. Postoperative evaluation consisted of palpating for a
hrill on day 7, and by a Doppler US examination by
nother blinded surgeon at 3 hours, 7 days, and then every
eek for 8 weeks. If there were no complications requiring
reatment, the patient was discharged the same day with
ntiplatelet (300 mg of acetylsalicylic acid) and antibiotic
herapy and was instructed to squeeze a ball as a physical
herapy exercise.
A minimum of 6 weeks after fistula creation was al-
owed to elapse before the first venipuncture at our insti-
ute. If a thrill and systolic-diastolic murmur was detected
nd if AVF blood flow was 200 mL/min, the fistula was
onsidered to be functioning adequately, and the patient
as referred to the nephrology department for the first
emodialysis cannulation.
Primary patency (intervention-free access survival) was
efined as the interval elapsing between access placement
nd any intervention designed to maintain patency. As-
isted primary patency (thrombosis-free access survival) was
efined as the interval elapsing between the access place-
ent and the time at which access to a thrombosis was
ade, which included intervening surgical or endovascular
nterventions designed to maintain patency.8
Primary AVF failure was defined as an AVF that failed
o develop sufficiently to begin dialysis or that underwent
hrombosis before the first successful cannulation for he-
odialysis treatment, regardless of eventual AVF abandon-
ent or not. This included inadequate maturation, early
hrombosis, failure of first cannulation, and other compli-
ations such as ischemia and infection.9 Secondary failure
as defined as permanent failure of the AVF, after it had
chieved adequacy for hemodialysis. An early-period com-
lication was one that occurred in the first week, and
ate-period complication was one that occurred after the
rst week.
The primary end point was defined as the radial artery
lood flow after anesthesia and the AVF blood flow during
he early and late postoperative period. The secondary end
oint was defined as the primary fistula failure rate.
Statistical analysis. A post hoc power analysis of the
adial artery blood flow after anesthesia showed a 0.92
ffect size of 0.8 ( 0.05,  3.1, 1.67 critical t 58).
esults are expressed as the mean  standard deviation.
he independent t test was used to compare continuous
ariables, and the Mann-Whitney U test was used for the
onparametric variables thrill and failure. Values of
 .05 were considered statistically significant. Statisti-
al analysis was done using SPSS 10.0 software (SPSS
nc, Chicago, Ill).
ESULTS
Demographics and coexisting morbidities of patients in
he two groups are summarized in Table I. There were no
tatistically significant differences between groups in demo-
p
o
h
i
t
t
f
s
D
d
c
r
t
p
a
m
t
fi
a
a
r
i
a
c
r
b
v
r
b
1
fl
i
p
r
a
r
d
T
p
V
P
A
P
C
G
JOURNAL OF VASCULAR SURGERY
Volume 54, Number 3 Sahin et al 751graphic data, and the arterial and venous diameters were
also similar (Table I).
All patients were monitored for 8 weeks. The success
rate of the brachial plexus block in group IB was 93.4%.
Two patients (6.6%) experienced incomplete anesthesia
and were given supplementary LA. Sensory and motor
block, as well as increased skin temperature, was observed
in all patients in group IB who achieved a complete block.
Radial artery and fistula flow are summarized in Table
II. In both groups, blood flow in the radial artery was
significantly greater after anesthesia then before. After an-
esthesia and just before surgery, radial artery blood flowwas
56  8.6 mL/min in group IB and 40.7  6.1 mL/min
group C (P  .001). We measured blood flow in the AVF
at 3 hours, 7 days, and 8 weeks after surgery, and at each
point, flow was significantly greater in group IB than in the
control group, at 69.6  7.9 vs 44.8  13.8 (P  .001),
210.6 30.9 vs 129 36.1 (P .001), and 680.6 96.7
vs 405.3  76.2 mL/min (P  .001), respectively. Thrill
was evaluated on postoperative day 7 and was present in all
30 patients in group IB (100%) compared with 27 patients
(90%) in group C (P  .305).
There was no statistically significant difference between
groups for primary patency, assisted primary patency, and
primary failure. Primary fistula failure occurred in two
Table I. Demographic data and coexisting disease of
patients
Variablea
Group IB Group C
P(n  30) (n  30)
Age 43.3  10.7 46.8  12.5 .36
Female 18 (60) 16 (53) .26
Smoking 27.4  8.6 25.8  7.4 .42
Body mass index, kg/m2 27.4  8.6 25.8  7.4 .64
Diameter of radial artery 3.2  0.3 3.3  0.3 .33
Diameter of cephalic vein 3.5  0.5 3.4  0.5 .53
Coexisting disease
Diabetes mellitus 11 (36) 13 (43) .22
Hypertension 15 (53.5) 12 (40) .16
Coronary artery disease 9 (32.1) 12 (40) .46
Group C, Control; Group IB, infraclavicular block.
aData are presented as mean  standard deviation, or No. (%).
Table II. Findings of fistula
Variablea
Group IB Group C
P(n  30) (n  30)
Radial artery flow, mL/min
Before anesthesia 38  5.6 37.6  6.9 .26
After anesthesia 56  8.6 40.7  6.11 .0001
Fistula flow, mL/min
At 3 hours 69.6  7.9 44.8  13.8 .0001
At 7 days 210.6  30.9 129  36.1 .0001
At 8 weeks 680.6  96.7 405.3  76.2 .0001
Thrill presence 28 (100) 27 (90) .31
Group C, Control; Group IB, infraclavicular block.
aData are presented as mean  standard deviation, or No. (%).patients in group IB and in five patients in group C. Early costoperative complications included one case (3.5%) each
f infection and thrombosis in group IB, and two cases of
ematoma (6.6%), two of thrombosis (6.6%), and one
nfection (3.3%) in group C (Table III). Hematomas were
reated with antibiotics and drainage, and thromboses were
reated with thrombectomy, with each patient followed-up
or assisted primary patency. No late complications or
econdary failures were observed in either group.
ISCUSSION
The patency of radiocephalic AVFs is critically depen-
ent on blood flow in the radial artery. Occlusion most
ommonly occurs in the early postoperative period. Our
esults provide the first evidence that, compared with infil-
ration anesthesia, US-guided infraclavicular brachial
lexus block provides greater blood flow in the radial artery
nd AVF at both the early and late postoperative periods.
Arterial narrowing and calcification are relatively com-
on in patients with chronic kidney disease, especially
hose with diabetes and hypertension. A stenotic or calci-
ed artery may jeopardize the surgeon’s attempt to create
n AVF. Spasm in a small artery without atherosclerosis can
lso impede surgical efforts. Surgical procedures on the
adial artery are particularly prone to spasm, possibly due to
ncreased sympathetic tone, which can impair blood flow
nd potentially cause early fistula thrombosis. Thus, in-
reased sympathetic tone may have significant effects on
adial artery spasm and AVF patency.
Brachial plexus block causes regional sympathetic
lockade. Ebert et al4 reported that the average arterial and
enous blood flows were increased 1.9 and 8.6 times,
espectively, after brachial plexus block. In our study, mean
lood flow in the radial artery was increased by a factor of
.5 after the plexus block. The increase in arterial blood
ow under brachial plexus block results from vasodilatation
n large arteries.
Lehtipalo et al10 reported that interscalene brachial
lexus block reduces regional sympathetic nervous activity,
esulting in increases in skin blood flow, skin temperature,
nd attenuated vasoconstrictor responses. Mouquet et al11
eported that after brachial plexus block, brachial artery
iameter and blood flow as well as AVF blood flow in-
able III. Findings of patency, failure, and early
ostoperative complications
ariable
Group IB Group C
P
(n  30) (n  30)
No. (%) No. (%)
rimary patency 28 (93) 25 (83) .23
ssisted primary patency 30 30 .99
rimary failure 2 (7) 5 (17) .23
omplication
Infection 1 (3.5) 1 (3.3) .48
Thrombosis 1 (3.5) 2 (6.6) .36
Hematoma 0 (0) 2 (6.6) .24
roup C, Control; Group IB, infraclavicular block.reased compared with controls. The incorporation of var-
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thus appears to contribute to vessel dilation and reduced
vasospasm by sympathectomy-like effects and may improve
the success of vascular access procedures by significantly
increasing fistula blood flow. The use of a regional block,
compared with other anesthetic techniques such as infiltra-
tion and general anesthesia, have been shown to result in
higher patency rates and lower failure rate.12,13 An addi-
tional benefit of this approach is that patients with chronic
renal failure are at high risk for general anesthesia compli-
cations. However, it should be noted that a small percent-
age of those high-risk groups underwent general anesthesia
due to concomitant coronary artery disease, diabetes mel-
litus, or hypertension.11
Performing the brachial plexus block under US guid-
ance allows more accurate placement of the injection nee-
dle, which can allow more rapid onset and longer duration
of the block as well as diminish vascular and neurologic
complications and reduce the volume of LA required.14-16
Thus, sympathectomy-like effects may be enhanced after an
infraclavicular block. We observed no complications related
to the block technique, which supports the notion that
US-guided injection is a simple and safe technique in
performing infraclavicular brachial plexus block.
In this study, we waited a minimum of 6 weeks before
hemodialysis to allow the fistula wall to develop sufficient
thickness before AVF cannulation.
Johnson et al6 reported that radiocephalic fistulas with
a flow rate 170 mL/min were at risk for early failure.
Yildirum et al17 administered a stellar ganglion block for 7
days in the perioperative period and found that the peak
velocity of the radial artery and the maturation time of the
AVF improved compared with controls. They observed a
higher AVF flow at the 3-hour postoperative point than we
did in the current study (201 vs 68 mL/min), possibly
reflecting differences in the physiologic manifestations of
direct sympathetic ganglion blockage vs brachial plexus
blockage.
Some investigators have found wrist fistulas (Brescia-
Cimino) have particularly high failure rates.18,19 However,
the failure rate in our experimental and control groups was
lower than in previous reports. This may be explained by
the fact that most patients are not suitable candidates for a
classic Brescia-Cimino fistula at the wrist,19,20 and we took
particular care in choosing suitable patients based on phys-
ical examination and vein mapping by duplex Doppler US
imaging.
Our study has several limitations. First, we measured
neither the quality of anesthesia nor the cardiovascular
indicators of the patients during surgery. Second, to allow
the control and experimental groups to be compared, we
excluded patients whose radial artery diameter was3mm,
even though it might be necessary in normal clinical prac-
tice to create fistulas using smaller arteries. In addition, it is
possible that sympathetic stimulation resulting from inad-
equate pain control may have affected the results by increas-
ing the level of circulating adrenaline. Similarly, we used
short-acting LA in the control group, although amixture ofhort-acting and long-acting LA is generally used in bra-
hial plexus block, and thus postoperative pain in our
atients might have affected the results. Further studies
hould ensure that satisfactory anesthesia and postoperative
nalgesia are established.
ONCLUSIONS
The results of this study suggest that, compared with
nfiltration anesthesia, infraclavicular brachial plexus block
or AVF access surgery provides higher radial artery and
VF blood flow at both the early and late postoperative
eriods by producing significant vasodilatation with
ympathectomy-like effects.
UTHOR CONTRIBUTIONS
onception and design: LS
nalysis and interpretation: RG
ata collection: HD
riting the article: LS, MS
ritical revision of the article: AM, MS
inal approval of the article: SK
tatistical analysis: MC
btained funding: SG
verall responsibility: LS
EFERENCES
1. NKF. DOQI clinical practice guidelines for vascular access: National
Kidney Foundation-Dialysis Outcomes Quality Initiative. Am J Kidney
Dis 1997;30;(suppl 3):S150-91.
2. He GW, Yang CQ. Radial artery has higher receptor mediated contrac-
tility, but similar endothelial function compared with mammary artery.
Ann Thorac Surg 1997;63:1346-52.
3. Rodriguez J, Quintela O, Lopez-Rivadula M, Barcena M, Diz C,
Alvarez J. High doses of mepivacaine for brachial plexus block in
patients with end-stage chronic renal failure. A pilot study. Eur J
Anesthesiol 2001;18:171-6.
4. Ebert B, Braunschweig R, Reill P. Quantification of variations in arm
perfusion after plexus anesthesia with color Doppler sonography. An-
aesthesist 1995;44:859-62.
5. Gürkan Y, Hos¸ten T, Solak M, Toker K. Lateral sagittal infraclavicular
block: clinical experience in 380 patients. Acta Anaesthesiol Scand
2008;52:262-6.
6. Johnson CP, Zhu Y, Matt C, Pelz C, Roza AM. Prognostic value of
intraoperative blood flow measurements in vascular access surgery.
Surgery 1998;124:729-37; discussion 737-8.
7. Klaastad Ø, Smith HJ, Smedby Ö, Winther-Larssen EH, Brodal P,
Breivik H, et al. A novel infraclavicular brachial plexus block: the lateral
and sagittal technique, developed by magnetic resonance imaging stud-
ies. Anesth Analg 2004;98:252-6.
8. Sidawy AN, Gray R, Besarab A, Henry M, Ascher E, Silva M, Jr, et al.
Recommended standards for reports dealing with arteriovenous hemo-
dialysis accesses. J Vasc Surg 2002;35:603-10.
9. Huijbregts HJ, Bots ML, Moll FL, Blankestijn PJ. Hospital specific
aspects predominantly determine primary failure of hemodialysis arte-
riovenous fistulas. J Vasc Surg 2007;45:962-7.
0. Lehtipalo S, Winsö O, Koskinen LO, Johansson G, Biber B. Cutaneous
sympathetic vasoconstrictor reflexes for the evaluation of interscalene
brachial plexus block. Acta Anaesthesiol Scand 2000;44:946-52.
1. Mouquet C, Bitker MO, Baillart O, Rottemboury J, Clergue F, Mon-
tejo LS, et al. Anaesthesia for creation of forearm fistula in patients with
end-stage renal failure. Anesthesiology 1989;70:909-14.
2. Shemesh D, Olsha O, Orkin D, Raveh D, Goldin I, Reichenstein Y, et
al. Sympathectomy-like effects of brachial plexus block in arteriovenous
access surgery. Ultrasound Med Biol 2006;32:817-22.
11
2
JOURNAL OF VASCULAR SURGERY
Volume 54, Number 3 Sahin et al 75313. Malinzak EB, Gan TJ. Regional anesthesia for vascular access surgery.
Anesth Analg 2009;109:976-80.
14. Capdevila X, Biboulet P, Morau D, Mannion S, Choquet O. How and
why to use ultrasound for regional blockade. Acta Anaesthesiol Belg
2008;59:147-54.
15. Abrahams MS, Aziz MF, Fu RF, Horn JL. Ultrasound guidance com-
pared with electrical neurostimulation for peripheral nerve block: a
systematic review and meta-analysis of randomized controlled trials.
Br J Anaesth 2009;102:408-17.
16. Marhofer P, Schrögendorfer K, KoinigH, Kapral S,Weinstabl C,Mayer
N. Ultrasound guidance improves sensory block and onset time of
three-in-one blocks. Anesth Analg 1997;85:854-7.17. Yildirim V, Doganci S, Yanarates O, Saglam M, Kuralay E, Cosar A,
et al. Does preemptive stellate ganglion blockage increase the pa- Stency of radiocephalic arteriovenous fistula? Scand Cardiovasc J
2006;40:380-4.
8. Hakaim AG, Nalbandian M, Scott T. Superior maturation and
patency of primary brachiocephalic and transposed basilica vein
arteriovenous fistulae in patients with diabetes. J Vasc Surg 1998;27:
154-7.
9. Brimble KS, Rabbat CG, Schiff D, Ingram AJ. The clinical utility of
Doppler ultrasound prior to arteriovenous fistula creation. Semin Dial
2001;14:314-7.
0. Allon M, Robbin ML. Increasing arteriovenous fistulas in hemodi-
alysis patients: problems and solutions. Kidney Int 2002;62:1109-
24.ubmitted Aug 29, 2010; accepted Dec 11, 2010.
